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(54) Optic Device Using a Core in Which Er Ions and Tm Ions Are Doped together 



Abstract 



This invention relates to an optic amplifier and an optic source using a core in which Er and Tm ions are jointly 
doped. 

This invention is comprised of an optic wave path having a core in which two rare earth ions, i.e. Er and Tm ions, are 
simultaneously doped, wherein optic pumping is performed using an optic pumping source of single wavelength or 
two wavelensths. 



SPECIFICATION [barely legible] 

Brief Description of the Drawings [barely legible] 

Fig. 1 illustrates the structure of optic fiber used in the preferred embodiment of this invention; 

Fig. 2 shows a graph representing the spectrum of rear amplified self-emitting light of the silicon oxide glass optic 
fiber, in which Er and Tm ions are doped together, which is manufactured to be used in the preferred embodiment of 
this invention; 

Fig. 3 is a schematic diagram showing the optic fiber amplifier in accordance with one preferred embodiment of the 
invention; 

Fig. 4 is a drawing designed to describe the basic principle on the transfer of energy from Er ion to Tm ion. 



[illegible] 
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Detailed Description of the Invention [hardly legible] 
[illegible] 



[illegible: Description of the Prior Art and Associated Problems!] 



This invention relates to optic device, more particularly to optic amplifier and optic source. 

At the present time, in the field of optic communications, a method of Wavelength Division Multiplexing (hereinafter, 
"WDM") is under study as an important method of transport. As an important part of this method, a study on optic 
amplifiers is also pursued vigorously. The required characteristic of an optic amplifier in this respect is to provide a 
wide gain band, for which the following research and development activities are performed. 

First, there is a method of using an EDFA (Erbium Doped Fiber Amplifier) based on silica glass, and combining two 
parallel EDFA terminals respectively having gains on different wavelength bands, thereby concurrently providing the 
conventional gain band and the long wavelength gain band as well. 

Second, there is a method of using a low phonon energy based on TeC2, i.e. a heavy metal oxide glass, to provide a 
gain band of 153(M610nm as was presented in 1997 by A. Mori, et al. at the Optical Fiber Communications Society 
under the title, "1.5um broadband amplification using EDFA's of tellurite mechanism." 

h-power amplifier pumps to provide broad gain band, wherein 
the amplifiers used are Raman amplifiers using stimulated Raman scattering to convert pumped optic elements into 
the stoke shift band. 

In addition to these three methods, a study is under way to explore a hybrid optic amplifier combining all of these 
methods. 

However, these directions of study have respective demerits. In the first case, referenced in the above, the amplifier 
must have various optic elements such as optic fiber grid and circulator inside of the amplifier, and also for optic 
pumping, it requires a number of laser diodes of 980nm and 1480nm. 

In the second case, due to difference in glass composition, it requires mechanical interconnection with the generally 
used silica-based single mode optic fiber. As a result, this method may degrade mechanical reliability, since it cannot 
provide seamless fusion interconnection with generally used stable and proven optic fiber. 

Also, in the third case, the operation of the amplifier requires non-linear effect, thereby requiring high-strength 
pumping of 1W or higher. When' gain band is broadened, it requires a number of pumps emitting pumping lights of 
various wavelengths of the equivalent strength. 



Technical Problems this Invention Purport to Solve [barely legible] 

Accordingly, the technical object of this invention is to provide broadband optic amplifier and optic source while at 
the same time adopting a relatively small number of optic elements. 

Another technical object of this invention is to provide optic amplifier and optic source capable of effectively 
amplifying or emitting lights even when a pumping means of a relatively low strength. 

Detailed Description of the Invention [barely legible] 
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To accomplish said technical objects, the optic amplifier and optic source in accordance with this invention are 
comprised of an optic wave path having a core in which two rare earth ions. i.e. Er and Tm ions, are simuitaneouslv 
doped, wherein optic pumping is performed using an optic pumping source of single wavelength or two wavelengths 

More specifically, the optic amplifier in accordance with this invention is comprised of an optic wave path having a 
core in which Er and Tm ions are simultaneously doped; the means of optic pumping optically interconnected with 
said optic wave path to excite said ions; the means of inputting into said optic wave path the light to be amplified; 

Herein, it is possible to construct an optic fiber amplifier by using glass optic fiber for glass optic wave path. In this 
case, it is acceptable to connect the optic pumping means to at least one end of the two terminals of the optic fiber, so 
that the excitement of Er ions by said optic pumping means alone can transfer the energy therefrom to Tm ions. Or, it 
is also acceptable to provide separate optic pumping means to be respectively connected to at least one end of the two 
terminals of the optic fiber, so that said optic pumping means can respectively excite said Er and Tm ions. 

In case the means of optic pumping is provided in this manner, it is desirable to provide that the optic pumping means 
/to excite Er ions emit pumping light of any one of the wavelengths selected from a group of wavelengths comprised of 
800, 980, and 1480nm and that optic pumping means to excite Tm ions emit pumping light of any one of the 
wavelengths selected from a group of wavelengths comprised of 780, and 1000~1200nm 

Also, it is desirable to provide the ion contents of 100~3000ppm of Er and Tm ions doped into the core. It is also 
acceptable to add to the core the ions of any one of the elements selected from a group of rare earth elements 
comprised of Yb. Ho, Pr. and Tb. 

Also, the optic source in accordance with. this invention is comprised of: glass optic path having a core in which Er 
and Tm ions are doped together; optic pumping means optically connected to said optic wave path; and means of 
outputting the light from said optic wave path. At this time, it is also acceptable to add to the core the ions of any one 
of the elements selected from a group of rare earth elements comprised of Yb, Ho, Pr, and Tb. And it is possible to 
construct an optic fiber amplifier by using glass optic fiber for glass optic wave path. 

Also, it is possible to use an optic wave path as part of the oscillator to output the laser output light, in which case it is 
possible to construct a optic fiber amplifier by using glass optic fiber for glass optic wave path. 

The preferred embodiment of this invention will now be described hereunder with reference to the accompanying 
dra wines. 

Fig. 1 illustrates the structure of optic fiber used in the preferred embodiment of this invention. Fig. 1 shows the entire 
core (10) of optic fiber, Er 3 and Tm 3 ions are doped. This is a glass area with high refraction. The area of cladding (20) 
where said ions are not doped is a glass area with low refraction. In some cases, only a part of the core can be doped 
with Er 3 and Tm 3 . The ion contents range of Er and Tm were all 100~3000ppm The numerical aperture, range of 
optical fiber was 0.1-0.3. LP1 1 mode shield wavelength range was 700~1200nm. The outer perimeter of the core was 
2-10um. 

Fig. 2 shows a graph representing the spectrum of rear amplified self-emitting light of the silicon oxide (Si02) glass 
optic fiber. The whole or a part of this optic fiber was manufactured by CVD (Chemical Vapor Deposition) using 
P 2 0 5 , A1 2 0 3 , and G 2 0 2 , and Er 2 0 3 and Tm 2 0 3 were are simultaneously doped by using a generally used method of 
element doping. The whole or a part of cladding was manufactured by Chemical Vapor Deposition using P 2 0 5 , F, and 
B 2 0 3 . A reference to Fig. 2 shows that the spectrum proper of Er ion is shown over the spectrum of 1530~1560nm, 
and in addition, shown overlapping with the spectrum proper of Tm ion in the proximity of 1480nm and 1600nm. 

Fig. 3 is a schematic diagram showing the optic fiber amplifier in accordance with one preferred embodiment of the 
invention. 

A reference to Fig. 3 shows that the means of optic pumping are combined through the front WDM combiner (320) 
and the rear WDM combiner (322) located at the both ends of the glass optic fiber (310) having a core into which Er 
ions and Tm ions are jointly doped. For optic pumping, respectively two pumps, i.e. the 1 st and the 2 nd optic pumps 
(330 and 332) are provided in the front and rear of the optic fiber (310) to pump Er and Tm ions. The pumped lights 
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therefrom are respectively combined by the first WDM combiner (340) and the second WDM combiner (342). The 
first optic pump emits the pumping lights with wavelength of 800, 9 80. or 14S0nm to excite Er ions, and the second 
optic pump emits the pumping lights with wavelength of 780, or 1000~1200nm to excite Tm ions. 

The referential numbers 350 and 352 in the drawings, which are not described, indicate optical isolators to shield rear 
reflective liehts. 

The optic fiber amplifier constructed in this manner is capable of providing wide wavelength bands due to Er and Tm 
ions havine 2ains over different wavelength bands. 

Of course, it is possible to construct the optic amplifier to adopt oniy the optic pumps that pump Er ions. In this case : 
Tm ions are not directly pumped. Insiead, a mechanism is used to pump Er ions first and then to transfer the energy 
thereof from Er ions to Tm ions. This method has the advantage of simplifying the optic pump structure of the optic 
amplifier. 

Tig. 4 illustrates the basic principle of such mechanism on the transfer of energy from Er ion to Tm ion. The pumping 
wavelength of Er ions is 800, 980, or 1480nm. By means of pumping optic element, Er ions, in an excited state, 
performs non-radial transition to the higher laser level of 4 I l3 /2. At this level, a radial transition to the base level of 
4 I 13 /2, and forms a gain band in the proximity of 1.5um. By the way, when there are Tm ions around Er ions, energy 
can be transferred from the higher Er ion laser level of J 13/2 to the higher Tm ion laser level of 3 H 4 . In other words, if 
Er ions are excited by using the pumps of 800, 980, or 14S0nm, it is possible to provide a wide band amplifier by 
simultaneously obtaining gain of 1. Sum band from Er ions, gain of 1.6-2.0um band from Tm ions. Also, it is possible 
to pump Er and Tm ions independently. In other words, it is possible to provide the gain of 1.5um band and of 
1. 6-2. Oum band, if Er ions are pumped using one of the wavelength lights of 800, 980, or 1480nm, and the same time, 
Tm ions are pumped using either of the two wavelength lights of 780 or 1.1 um. 



Effect of the Invention 

This invention can provide broadband optic amplifier and optic source while at the same time adopting a relatively 
small number of optic elements, and hence it is appropriate for miniaturization of the device. 

Also, the mechanism of transfer of energy from Er ions to Tm ions, it is possible to reduce the number of optic 
pumping means, and to effectively operate the apparatus even with a pumping means of a relatively low strength. 



Scope of the Patent Claims 

Claim 1. An optic amplifier having a glass optic wave path having a core, in which Er and Tm ions are jointly doped; 
means of optic pumping optically connected to said optic wave path to excite said ions; 
means of inputting into said optic wave path the lights to be amplified; and 
means of outputting the amplified lights from said optic wave path. 

Claim 2. The optic amplifier in claim 1, wherein said glass optic wave path is a glass optic fiber. 

Claim 3. The optic amplifier in claim 2, wherein said optic pumping means are connected to at least one end of the 
two terminals of the optic fiber to excite said Er ions. 



Claim 4. The optic amplifier in claim 2, wherein said optic pumping means are separately provided to respectively 
excite said Er ions and Tm ions, and are connected to at least one end of the two terminals of said optic fiber. 

Claim 5. The optic amplifier in claim 4. wherein the optic pumping means to excite said Er ions emit pumping light of 
any one of the wavelengths selected from a group of wavelengths comprised of 800, 980, and 1480nm and that optic 
pumping means to excite Tm ions emit pumping light of any one of the wavelengths selected from a group of 
wavelengths comprised of 7S0. and 1000~1200nm. 

C laim 6. The optic amplifier in claim 1 or claim 2, wherein the doped contents of Er and Tm ions are all within the 
range of 100-3000ppm. 

.Claim 7. The optic amplifier in claim 1 or claim 2, wherein said core has the ions of any one of the elements selected 
from a group of rare earth elements comprised of Yb, Ho, Pr, and Tb. 

Claim 8. An optical source having a glass optic wave path comprised of a core jointly doped with Er and Tm ions; 
the means of optic pumping optically interconnected with said optic wave path to excite said ions; 
and means of outputting the light from said optic wave path. 

Claim 9. An optical source in claim 8. wherein said core has the ions of any one of the elements selected from a group 
of rare earth elements compnsed of Yb, Ho, Pr, and To. 

Claim 10. An optical source in claim 8 or claim 9, wherein said optic wave path is glass optic fiber. 

Claim 11. An optical source in claim 8 or claim 9, wherein said optic wave path works as part of the oscillator to 
output the laser output light. 

Claim 12. An optical source in claim 11, wherein said optic wave path is glass optic fiber. 



Drawings 

Fig. I 



[see source for 2 drawings] 



Fig. 2 



Light strength (dBm) 



Wavelength (nm) 



Fig. 3 



Fig. 4 



Energy (10 3 cm" 1 ) 



4 t 

ft 

i- 



(51)°lnt . C! . c 
G02B 6 /OO 



(21) 

(22) ISH' 



(7D ^E j ei 



(19) CHfl£!^^5lS(KR) 

,(12) g]^5jga(A) 
/' (id s^arn 

(43) §JH^» 



10-1998-0046025 
:998£10S30SJ 



2000-0027961 



2000 ti 051 15°' 



(72) BgB 



(74) Gdiei 



AHSH^AI ^§^70-15 

/HS^SAI MZL^? A-i^e 1563-8 SHSIlJft 1-203 



(54) O)g0IS 



O CI 



oigoi ii g^Ei 30is o\mm m±Ji 



s oigOIB S! SM0IS0I ii S^S 3011 0i§§! § S^^l £ SS0II ff§> 2J0ID. = USE. Q§ 01^ 

Qj^g ^ = oiE. ^ CHs0!S3[ SS0I8S MAIOH 2 CHI 3c v b SEH^Oil BS Hi§ £c: 2^H2| Hi 

gcj >^ g ?]cc ggst iafb 2e IS2§ a- a. g ssoii cc^s. sxib 4^ sjs 5? o^uej 5 

^OilA-i giH§£ 5x11 S^Aia ^ SiQfe §§01 SICK 



£ 18 g efgoj ^ Aid! Oil Algab £^II6f01 UEiy 3i : 

E 2= g SS21 ^AIOIICHI AfgsPI ?!8H HISS. Era- TmOl S§ ^9 &sff?£ S£l S£S°J *S §^ ftSf»2i 
^ai§g§ UBU! H2II5: 

£ 3° ? ^§2] fi ^'Al Oil Oil CUE g^^lB UEIfcH 3H^E: 

£ 4b ErOlgOII/d TmOIESSSJ CHI U XI 01 31 S fldll gS»3| ESOICI. 



SXILgflt! AI±iiO||Aife §2^ S£g>^o^ m§ CH(Wavelength Division Multiplexing: OiarWDM' JS-^OI 

°ibCii. 01 on ah ess! ^sa^SAi g v=r e§j a^ai oi^chxih siq. cooiiah s^ei^ g 

§£}|oj mgo a s OI^LH^M ^XiOr- e>Qfe 322IQI. Oil ?| SH XI§3)rXI DiHi 1*8 gi§2g S^HSOI 01 ^ CH XI 

S^K. ^£131- ? = il tKgog Sf EOFA(Erbium Doped Fiber Amplifier)* Afg8f£l. ^Jl Crg UrSUI^/H 01^1 ^ 
^ ?r£; EI-AErl SEH21 OI^CH^ 3! §HH f CI^OI^l gAiCii i>E^ 3:^0! 

SSI, A. SSISOI 1997^ g£?f£ta! (Optical fiber communicat ion)0IIAH 1 H*2.K)I = JIXH°J EDFASM 01 g§) 1.5.^ g 
□!« g£ otdf- HlStS I?E& br3 SOi. gS^ ^iH Sdiei TeCS bUSES 5fe Oil U III 0115^01 '530- 
1610™°! Cs^rucng 8fff S'SO! 2iCL 

£!HH, SH. §IH ±£B OH CHS? (Stoke shift band)E£ £^5r^ ^E BIB1 if&KSt imulated Raman 
Scattering)! 0i§& £r°: S^ISW. 04 EH 3H2I 2^ gEl A^gorOI If OI^CH^l 3>E5 SfSOl Si Cr . 

ah mxi &g oiaoiiE oimm 5HEr g e^^ioii cue 9^ asain aa. 
nam, ^ g |§ ^ e§§ :uxi:d aifeoii, shhsj lh^oii o\z\ s^xl oiis^ 

XK ^lPI(circulator) 101 SBSCHOJ 6101, gSSS ?i 8H AH EE 980nm, l480nmO| ^| 01 XH □ 0I2E3!- 01 2.H 

SJSH£: D§ S2.I UH^OII 0|^0i£! BtlE S S> 9S!2E ggS2r°{ §^01 }|}||*!E£ OI?CH*!Q 

ffi-£ l AH. eiS^OlU SJ«! SfiS»2| g^lg^OI 3I3I3 <M£}£0! Xiorg 4* 21 Ck 

cc^ Aii^o) go gs^jo] g on yj^a nH[3f 01 g £131 ffBSOII 1W 0\£2] All 31 31 OI^ZK^g 

as na »s Aiuis oi an iifsa gsg§ aio^ g^i U95r3ii eid. 



maw. s ^sa ^t^^i amis bim^ ^4^£i g^xn aigmsAHE sch^^s# ^x;^ g e^^i .a 

s ^§o| c ^ ^xii^ tiiu^ o t§ } AiPii 3>b gs^Bi AfgafQidfE ^^6^1 gi g^a^iu gig ^ 
g e^^i s gsis xiisa^b en aia. 



) 



fef^ie ?\^^ shiss bs8» s assi § g*?i si gai? ah^ as oi^chsss £fe ^ siss ois. ^ 

OiStEf )0IS2:- iS(Tm)G!SS SAIM g^^t! ^Oil Sffc SEEfSOU Ei= QfS SEfc 2?H2| Ef§2| 3B 

fgg ErCI?^ TmOI80S gf§2£ 3 Oil = g£H^£[: &~A 0!?11 

a^j gsm^O-il gl,-5:£§ S^E! g Bg^BHI: £31 gEufSOil g^i £j^A!5Mb - B ^ : 

a^lAH, SB ££1 2^5r01 »«« S^3IS SICr . 01 §?. » BS^SOI ErOISB 

S 0131*1312 □ CHiUZIS TmOIEOil S»»Jfl olE^ £31 » B84*ei »S«S| gfeg ^qjc m ^ oil S^Ai^E S 

d. ome, ar bb^boi s^i Eroi8 » Tmoigg zfzt coaisie*. ztzjg e gg^ei s^hs masK*. s«« 

oj orcvoj u^oi) g^AISE §qk 

Ot 2h fe'OI »" BS^BS DISS? 3?CHi. ErOI8P 0U|Ai3|3l ?|S 3* BS^B8 800. 980 S! 1480nm£ itt§2 
o^- Q Aj^a qj l_ S m°| mS o| g§g| SSSKS. &D\ TmOlgl Oj3lAI3PI ?| S! 3 BS4*B8 780. 1000-1200 

9JS. 2Oi0il gmsife ErOIS ^ TmOi82l E^ 100-3000ppm2i SOI ttt&SlSKS. Ol SCHOil OiE-.S(Yb). II 

(Ho). EE^IEIiKPr) n EIS(Tb)2g 8£22S¥B Q\± &Jt2\ 0181 CH gJ.-S? 4= 

E 2JD. 

5>S. S tg= Er 01 Tm0180! g^S 3CHS 3f7J = S =1 SEErSPf; avj! 01811 £7- A!?! J! 

?i6H gEH^Oil gs^oe g gg^Bl: £31 gEG^^¥c J t gS 1^5r~ ^^1 ?dlo^ 51 

E^ ED. 01 0. 2CHC4I Yb. Ho. Pr » Tb£ SI EH ^i22^y £j^8! Oi E 6fU°| OiSI G 

ShOlE SQL ^OS gEu^S ^^i g^^^ ^^ISfOj g^-^ SSI 

Et[. irEIUSif gxt^io; ^^Qji 6Hg3f£^ ^01 310111 fi^gl ^SS'rE^ If 4-E °IH, Oi S^. gEHf= 1 S 
Olor. §¥S E^S ^Eo^OI g ^AjOjlOil CU6H ^g&CL 

E 18 S ^g^i tfAIMOfl A^g£lb E±|»8K)I UEItf 50ID. E 1S 2W(10) aa«l Es i! 

Tm t3 S §^fo[ UEi^! 5E^AH. Ol iifOl ^8 S£I¥S0ID4. 0IS10I ^Of£|X! ?>E ^2HS(20) 

8 IliO! ^8 ^dl^^OICL 3?0{| [LlEiMt: S^OHSi Er, SI Tm,S ^E 2iCF. 3CH011 g^S ErOI 

8 ^ TrnOI8^ ^E^ 100-3000ppmOi 2iE W . S^^SI ^^^(numer ical aperture)^ 0.1-0.3. LPtt EE X\ B H(- 

go zoo- 1200nm . 3CH°] 2IS8 2-10/^^CL 

e 2b s a aim oil Afgapi ?ioH xii^s ^iw±(Si02) g£°-£i ?s uaa 

□ 2H50ID. Oi g^^£l 2x| Eb f^O. . Al,0,. Ge0,l 0|g^ sl^^l^ 5^SS (Chemical Vapor 

Deposit ion ) Oil 2\oW 01 3 1 Oil Er,0 : , Tn>A^ SA|0« sjg^ g^agOII 24 6H a^SKQ. 12)133 

P .o 5 . f, aoni oig§r if°oiy e^ssoii £ish msasia. £ 21 g^ms, 980nmoj 01 dois 

E e gBSSii C£H Er 0182] 2gS ^^^1301 1530- 1560 nm CH^OIIAH SOib 2 0I2I0II 1480nm^ 1500nm Oil AH 
Trn OlS^I r^^^l; QXiTi SOIb 51 ^ 4^ 2iD. 

E 38 S ^g£! ^ ^' At CI! Oil CQ€ S §^IB UEIbH ^H^EOID. 

E 31 ££6>S. Er0!83l TmOIBOl i§2§ g^S 3011 ^rXlb ^^1 aflS(310)2| SB Oil flMSJ SS WOM 2^^l 
(320)2^ *a WOM 21,^1(322)1 SoH SBS^BOI ^^8!Cf. SBgS ?I6HA^ Bfl8(310)2| S»a »»0tt. ErOI8^ 
TrnOI81 BS5f~ 2^HS! MM ^ HI2 »B5 ( 330 . 332)^f DfaatQI. Oj^lAH U2c SSiiS HI1 WOM 2 8.^1 



aOI ^ E Ur ^ = ^ 



(340)2 XI! 2 WDM 3 S 31(342)01! 2| 6H SSfSCk ail ggHfe £00. 980 r £~ 1480nrr ft§2| gggs Sf*8t01 ErOi 

W 31A[3lffi, HI2 SB5£ 780 SE = 1000- 1200 nn°| H[§S?I IS 21 II} §f 3^X1;=: gi'Si »*8}0I TmOI81 0131 

g£| £g£jXi SfS §5^5 350 a; 352b A? g 1 »&5:3I ?!§! S Hsl3:(optical isolator )0ICL 

0!2f KOI Sg£ S^3I2 ^31 DE mSCH^OUi 01^8 £ = ErOISB TmOl S EH S Oil gHf§ r J^ i^i 

si. ^» oi r L 

IE. 3fSS Ai CHI ErOISSt S&!8}^ gg^I XHSStEH if 59311 ?g s J ^E SifcOI. 0! (MOIIfe. TmOISe 5! 
g ggSW Er0!8^1 ^ 3 01 i Li X! 1 ErOtgOllAH TmOI8°£ 2g5ffe 0ii3i Ulf OlgffQ. OI S^Oilb 

3 g = 3|2| ggn^xf E* = »Alfi * §§0I 21P. 

0| ^ aoi. ErOIS0l|/d TmOISEg CHI U XI S SSf»fe Oil 31 Ul Oil CHSt 3IS S£|fi £ 4011 UEUHHQ. ErOIS°J gg 
IttSS 800, 980 £b 1480ranOIOJ. S»0II 2|6H ErOl^g Oj 3 1 # EH Oil Ai &9\ 3101X1 SUBIJovS UlSAffflOl* BD 

01 a( SOII AH 3IXi#EH J«; ? £ gJMSOIl .5fS/d 1.5/im s^OllA-i OI^CH^M SSSMIL ErOt8 ^?IOil TmOl 8 

OI o>S S°. ErOI8°l 3I0IH BUS! .l 1JW S^a TraOIS2| #¥i cilOlXi SHU JiS 01IUXI31 SSI ^> SID. ^. 

800. 980 Ec 1480nmO[ §n= ErOl81 C13IA|5i2 gAiOii ErOI8E^¥E J 1 Oj^£! Ol^l. TmQIS2 = ¥EI 1.6- 
2.0/^ 01^2] Oi^S ^CH gu^ 1^311 ?efif 4= SAD. E°i, 1;0\S1& TmOIEl ^^J^oe ggSrb gSE 3^ 
si- Gi 2 ErOI81 800. 980 1480™ uf§^ g£l 8rUi= £g5hS/d ^ AI CHI TmOl^l 730™ . 1.1/^ g2i 5IU§ § 

g5r2 1.5^i % 1.6-2.0^ CH2?o| 01 s S * °[Cf. 



t./ . •» * ; 'J 
- t - - - ' 

S SSOII CQS^, til 12 3 3^ 3H^^-f XHg5r3A<E SDiS^gg 3}X|i= g- g^3| % g*!l SfS 4= 2A3I 

EtHSOII §x|2| ^Ss>0il ^t^S^Cf. 

£§1, ErOISOilAi TmOI82£ 0IIUXI3 SfifMfe DH21U5S OISK g¥. S B8*S2l 4^S MU ^ «l 
3121 g gg£2£ SSofM §X|S S^Al^ ^ °ia~ §§1 



S^S- 1. ErOIBUl TmOlSOl S§2§ ^3^ SCHfi 3fXlb ^ci gEEHSf: 
^3| OISIM OI3IAI3I3I ?l oW £D\ gEIl^Oll gs}5jog g gg4=BJU: 

^3i ssmss^Ei i^s si s^afb ^si ?dia^ g i=3i. 

S^S 2. SMSOII °10\M. fef3l »£| g£m^3l Sfil 51 5^ » §^i. 

3. J3I2SOII SiOIAH, #31 g gg^BOI. #31 ErOISl 013IAI3IE^ #31 i,^^^ 993 ^OiE §1^011 



4. XII 2S Oil 2^CH AH . a- ©§4*001 ^71 ErOiS S! TmGiEl ^ 0^1 AI3IE^ Df^£!G. 
Sfi^2l g £ 2! 3 CHE l^Oil >JS ^5J2^ S^b 3 S^>:. 

5. AJI4&0II SiOIA-i. g3| E-'OIgg 0UIAI3UI g 300. 980 SI 148Qnma jg^oe 
¥E-: cd^El Oi^ o'rU2J m§2J gggf ^SSfffi. fef3| Tm0i81 CO|A|?!;j ?! ! L £ S£!^E8 780. 1 000 - 1200 nm2| 

8?S 6. XiMg Eb HI 2 & Oil SiCHAH. ErOIS £ TmOigE! S^sE^f Ev 100-3000ppm2! 21 sgog 6[ 

b & g^i . 

81 ? 8" 7. Xil 1 if Eb XI! 2 S Oil ^OiA-i, 3 CH CHI Yb. Ho. Pr §! TbS o|es gJA^og^y 

SfUS §J^£j 0IS§ Di SI- b S g*3|. 

S^g 8. ErOlSHI TmOISOl S§2^ S^S ^Qjg ^j|i= SSI g£E[2^; 

01811 £JIA!3Di ?I6H &?l §EEf^0]| l«|5j2§ g^a g gg^c^; 
gUI i[EMs = E- ill S^Sfb 4^E1 9dimb &S. 

Ai! 3 & v Oil 5JOU-i. ^CH Oil Yb. Ho. Pr SJ Tbg °i e = ^JA^oa^a CH E SHJ2! S± 

ai ^S2S mb ssi. 

HI 8 ft Eb Xil 9 SOil SlCHA-i, §Eu[^^ gg$?S! 21 6fb 33. 

Xil8S Eb Xi!9S0ll 22CHAH, feOI ^Eu^^l S£3!£| iJ¥0il oH&otE^ 8^01 aiOIH S33S gftSl 
b 5! 1 of b 33 . 

12. Xi! 11 gOil SiOUi . £3! E^m^J\ °d| 3££2J 2S ^SE^ 81b 33 . 
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